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1. TITLE OF THE INVENTION 

Method for Preparing Alkenylcarboxylate Derivative 

2, SCOPE OF CLAIM FOR PATENT 

(1) A method of preparing an alkenylcarboxylate 
derivative represented by the general formula (I), 
comprising reacting a benzene compound with an a, p- 
unsaturated aldehyde and an acyl compound in the presence 
of a catalyst for Friedel-Craf ts reaction: 



wherein R 2 and R 2 represent a hydrogen atom or a Ci_ 10 
hydrocarbon group, and may be bonded with each other to 
form a ring structure; R 3 represents a d- 2 o hydrocarbon 
group, a fluoroalkyl group, or a chloroalkyl group; and Z 
represents a hydrogen atom or a monovalent organic 
residue, 

(2) The method of preparing an alkenyl-carboxylate 
derivative according to claim (1), wherein the benzene 
compound is a substituted or unsubstituted benzene 
compound which is reactive by the acylation reaction in 
the presence of a conventional catalyst for Friedel- 
Craf ts reaction. 

(3) The method of preparing an alkenyl-carboxylate 
derivative according to claim (1), wherein the a,p- 



SPECIFICATION 
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(I) 



unsaturated aldehyde is a compound represented by the 
general formula (II) : 



Ri Ra 

N c = c / (II) 
/ \ 

H CHO 



wherein R x and R 2 represent a hydrogen atom or a Ci-io 
hydrocarbon group and may be combined with each other to 
form a ring structure. 

(4) The method preparing an alkenylcarboxylate 
derivative according to claim (1), wherein the acyl 
compound is a compound represented by the general formula 
(III) : 



(III) 

o 



wherein R 3 represents a Ci- 20 hydrocarbon group, a 
fluoroalkyl group, or a chloroalkyl group; and X 
represents a halogen atom or a -0-C(=0)R 3 group. 
3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a novel method for 
preparing an alkenylcarboxylate derivative. 

The alkenylcarboxylate derivative of the present 
invention is a compound having a structure represented by 
the following general formula (I): 



CBOCORi 



(I) 



wherein R x and R 2 represent hydrogen or a Ci-i 0 hydrocarbon 
group and may be combined with each other to form a ring; 
R 3 represents a Ci- 2 o hydrocarbon group, a fluoroalkyl 
group, or a chloroalkyl group; and Z represents a 



monovalent organic residue. The compound is useful as c 
intermediate for flavors, drugs, pesticides, and 
organically synthesized drugs. However, a method for 
simply synthesizing the compound has scarcely been 
proposed, heretofore. According to I. Scriabine et al., 
a phenyl compound (IV) and an alkenylidene diacetate (V) 
are reacted in the presence of titanium tetrachloride 
activated by a boron trifluoride ether complex in 
accordance with the following reaction scheme to obtain 
an alkenyl acetate (VI) : 



\ / 

C«C OAc 

/ \ / 
H CM 

\ 

OAc 



(IV) 



(V) 



Ti CI. -BP, .61.^ R-^- CH-C-CHOAo 

(VI) 



(Bull. Soc. Chim. France, 1961 , 1194-1198). However, 
this method has such a drawback that the alkenylidene 
diacetate (V) is not easily available because it is not 
industrially prepared. 

The present inventors have intensively studied about 
a method for simply preparing the alkenylcarboxylate 
derivative and found that the objective 
alkenylcarboxylate derivative represented by the general 
formula (I) can be easily produced by reacting a benzene 
compound, an <x, p-unsaturated aldehyde and an acyl 
compound in the presence of a catalyst for Friedel-Craf ts 
reaction in accordance with the following reaction 
scheme: 



R 




+ Hi COX 



z 



a 



CKO 



Catalyst for Friedel-Craf ts reaction 



lj- C«C-CffOCRi + 



z 



Thus, the present invention has been completed. 

That is, the present invention relates to a method 
for preparing an alkenylcarboxylate derivative 
represented by the general formula (I), which comprises 
the step of reacting a benzene compound, an a,p- 
unsaturated aldehyde and an acyl compound in the presence 
of a catalyst for Friedel-Craf ts reaction: 



wherein K x and R 2 represent hydrogen or a C wo hydrocarbon 
group and may be combined with each other to form a ring; 
R 3 represents a C1-20 hydrocarbon group, a fluoroalkyl 
group, or a chloroalkyl group; and Z represents hydrogen 
or a monovalent organic residue. 

The benzene compound used in the present invention 
is preferably a benzene compound which is subjected to 
the acylation reaction by an acyl derivative in the 
presence of a catalyst for Friedel-Crafts reaction in 
accordance with the following reaction scheme: 




C 
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» 



Catalyst for Friedel-Craf ts reaction 
~ : > 
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z 



10 (VII) 

to produce a compound represented by the general formula 
(VII). Examples of the specific compound include, but 
are not limited to, benzene; alkylbenzene such as 

15 butylbenzene, propylbenzene, cumene, ethylbenzene, 

xylene, or toluene; and alkoxybenzene such as anisole or 
methylenedioxybenzene. Among these benzenes, t- 
butylbenzene and cumene are particularly preferable. 
The <x,p-unsaturated aldehyde used in the present 

20 invention is preferably a compound represented by the 
general formula (II). Ri and R 2 represent hydrogen, an 
alkyl group, an alkenyl group, a cycloalkyl group, or an 
aryl group, and Ri and R 2 n\ay be the same or different. 
Specific examples of the aldehyde include acrolein, 

25 methacrolein, crotonaldehyde, a, p-dimethylacrolein, a- 

ethylacrolein, 0-ethylacrolein, P-propylacrolein, cinnamic 
aldehyde, a-cyclohexylacrolein, and a-phenylacrolein. 
Among these aldehydes, acrolein, methacrolein, and 
crotonaldehyde are particularly preferable. 

30 The acyl compound used in the present invention is 

preferably a compound represented by the general formula 
(III) , R 3 represents an alkyl group, a cycloalkyl group, 
an alkenyl group, an aryl group, a fluoroalkyl group, or 
a chloroalkyl group; and X represents a halogen atom or a 

35 carboxyl group. Specific examples of the acyl compound 
include acid halide such as acetyl chloride, acetyl 
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bromide, acetyl fluoride, propionyl chloride, n-butyryl 
chloride, isobutyryl chloride, pentanoic chloride, 
benzoyl chloride, trif luoroacetyl chloride, or 
dichloroacetyl chloride; and acid anhydride such as 
5 acetic anhydride, propionic anhydride, n-butyric 
anhydride, benzoic anhydride, or trif luoroacetic 
anhydride. Among these acyl compounds, acid halide is 
preferable and acetyl chloride is particularly 
preferably. 

10 In case of working the present invention, as is 

apparent from the above reaction scheme, a reaction molar 
ratio between the benzene compound, the a, p-unsaturated 
aldehyde and the acyl compound must be an equimolar 
ratio. However, this molar ratio may appropriately vary 

15 according to the existing state of things. 

The method of the present invention is characterized 
by reacting the benzene compound, the a, p-unsaturated 
aldehyde and the acyl compound in the presence of a 
compound which is generally referred to as a catalyst for 

20 Friedel-Crafts reaction. 

The catalyst for Friedel-Crafts reaction as used 
herein means the group of catalysts which can serve as a 
catalyst for Friedel-Crafts reaction of the following . 
scheme: 



25 



30 



2^ 



Catalyst for Friedel-Crafts reaction 



More specifically, it is Lewis acid and it is possible to 
use titanium tetrachloride, aluminum chloride, aluminum 
bromide, boron trifluoride, iron chloride, iron bromide, 
antimony pentachloride, tin tetrachloride, and zinc 
35 chloride. Two or more kinds of these Lewis acids may be 
included. Among these Lewis acids, those composed mainly 
of titanium tetrachloride and aluminum chloride are 



preferable* 

While the present invention was described above by 
way of specific examples, the catalyst applicable to the 
method of the present invention may be anyone which 
exhibits catalytic ability capable of promoting the above 
acylation reaction, and is not limited to the above group 
of catalysts. 

The amount of the catalyst for Friedel-Crafts 
reaction required is usually 1 mol or more based on the 
cc,p-unsaturated aldehyde. However, the amount required 
to find out optimum conditions is often within a range 
from 1.0 to 1.5 mols. 

In case of working the present invention, the 
objective product can be obtained by reacting the benzene 
compound, the a, p-unsaturated aldehyde and the acyl 
compound while stirring. However, the reaction may be 
conducted using a solvent so as to enable the reaction to 
smoothly proceed. In this case, it is advantageous to 
use, as a solvent, a large excess amount of a benzene 
compound in the reaction. As the other solvent, any 
solvent can be used as long as it is inert to the benzene 
compound, the a, p-unsaturated aldehyde, the acyl compound 
and the catalyst for Friedel-Crafts reaction. Preferable 
solvent includes chloroform, methylene chloride, 
chlorocyclohexane, nitromethane, nitroethane, and 
nitrobenzene. 

The reaction in the method of the present invention 
proceeds more smoothly as a stirring rate increases, 
because a heterogeneous system or a viscous liquid may be 
produced. Stirring efficiency varies depending on the 
form of a stirring blade or a reaction vessel and 
therefore it can not be unconditionally defined. It is 
important to define the stirring conditions so as to give 
a good stirring state. 

The reaction temperature varied depending on the 
kind of stating materials to be reacted, but is usually 



50°C or lower, and preferably 10°C or lower. 

The method of the present invention will now be 
described in detail by way of examples. However, the 
present invention is not limited to these examples. 

Example 1 

t-butylbenzene (20 g) , acetyl chloride (7.9 g) and 
methacrolein (7.0 g) were charged in a 200 cc three- 
necked flask and maintained at -10°C, and then a mixture 
of titanium tetrachloride (19 g) and t-butylbenzene (6.7 
g) was added dropwise over 2 hours while vigorously 
stirring. After the dropwise addition, stirring was 
continued for 2 hours while maintaining at -10°C. After 
the completion of the reaction, the reaction solution was 
decomposed by pouring into ice water, extracted with n- 
hexane, washed with water, washed with an aqueous 
solution of sodium bicarbonate and then washed again with 
water, n-hexane was distilled off from the organic layer 
using an evaporator and the residue was distilled under 
reduced pressure, and then excess t-butylbenzene (boiling 
point of ~70°C/25 mmHg, 17.2 g) was recovered to obtain 
14.1 g of a fraction having a boiling point of ~150°C/2 

mmHg. Gas chromatography (hereinafter abbreviated to GC) 
analysis revealed that the fraction contains 80.0% of the 

objective 3- (t-butylphenyl) -2-methyl-l-propenyl acetate 
(1). Selectivity from acetyl chloride, methacrolein and 

titanium tetrachloride was 46.2 (mol)%. 

The objective compound was purified by rectification 

and the structure was confirmed by the results of IR, 

NMR, elemental analysis and the measurement of molecular 

weight. The objective compound is found to be a compound 

having the following various properties. 

Boiling point: 115°C/0.8 mmHg 

n D 20 : 1.5102 o 

I-R-: 1755 cm" 1 (CH 3 C-0-) 

1690 cm" 1 (X H ?\ ) 
0-C- 



NMR: 1,30 ppm (S, 9H), 1.60 (S, 3H) , 

2.13 (S, 3H), 3,22 (S, 2H) , 

7.19 (d-d, 4H), 7.24 (S, 1H) 

Elemental analysis, Molecular weight C (%) H (%) Molecular weight 
Calcd for C a6 H 22 0 2 78.01 9.00 24 6.4 

Found 78.13 8.92 247 

. Example 2 

t-butylbenzene (20 g) , acetyl chloride (8,69 g) and 
methacrolein (7.0 g) were dissolved in methylene chloride 
(80 ml) and the solution was charged in a 500 ml three- 
necked flask cooled and then maintained at -10°C, To the 
solution, anhydrous zinc chloride (50 mg) was added, 
followed by stirring for about one hour. Then, a 
suspension solution of anhydrous zinc chloride (13.3 g) , 
t-butylbenzene (6.7 g) and methylene chloride (80 ml) was 
added over 2 hours, followed by stirring for 2 hours. 
The reaction solution was decomposed by pouring into ice 
water and the organic layer was washed with water, washed 
with an aqueous solution of sodium bicarbonate and then 
washed with water. Methylene chloride was distilled off 
using an evaporator. The residue was distilled and 
excess t-butylbenzene (12.92 g) was recovered to obtain 
11,85 g of a product. GC analysis revealed that the 
fraction contains 74.3% of the objective alkenyl acetate 
(1) . Selectivity from methacrolein and anhydrous 
aluminum chloride was 36.0 mol%. 

Examples 3 to 7 

In the same manner as in Example 2, each of ferric 
chloride, tin tetrachloride, antimony pentachloride, zinc 
chloride and boron trifluoride etherate was used as the 
catalyst for Friedel-Craf ts reaction in place of 
anhydrous zinc chloride. The results are as shown in 
Table 1, 
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Table 1 



Examples 


catalyst tor 
Friedel-Crafts 
reaction 


Selectivity* (%) 
of (1) 


Example 3 


FeCl 3 


11.1 


Example 4 


SnCl 4 


9.1 


Example 5 


SbCls 


2.7 


Example 6 


ZnCl 2 


2.6 


Example 7 


BF 3 • Ft 2 0 


2.3 



* (selectivity is mol% from methacrolein and catalyst for 
Friedel-Crafts reaction) 



10 



Examples 8 to 12 

In the same manner as in Example 1, each of acetyl 
bromide, benzoyl chloride, propionyl chloride and acetic 
anhydride was used in place of acetyl chloride. The 
results are as shown in Table 2. 
Table 2 



Examples 



Example 8 
Example 9 
Example 10 
Example 11 



RCOX 



CH 3 C0Br 
(CH 3 CO) 2 0 
CH 3 CH 2 C0C1 
O-COCl 



Selectivity* (%) of 



CH 3 



+^3~ CH* C-CH-O-C-R 



(selectivity is mol% from titanium tetrachloride) 



42.3 
24.8 
51.4 
28.4 



15 



Example 13 

In the same manner as in Example 1, each of cumene, 
benzene, m-xylene and anisole was used in place of 
butylbenzene. The results are as shown in Table 3. 



V 
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Table 3 







CHj 




Examples 


o 

2 


j£j^-CH»-C=CHOAc 
Z 






Product 


Selectivity* 
(%) 


Example 13 




>/~V CHl C=CHOAc 


52.0 


Example 14 


o 


CHj 

^J^-CH 2 C=CHOAc 


55.0 


Example 15 




-^^-CH 2 C=CHOAc 


62.2 


Example 16 




CH a 

CH 3 0^^-CH 2 C^CHOAc 


57.2 



* (selectivity is mol% from methacrolein and titanium 
tetrachloride) 



5 Example 17 

Cumene (40 g) , acrolein (12.0 g) and acetyl chloride 
(17 g) were charged in a 200 cc three-necked flask and 
maintained at -10 to -25°C, and then a mixture of titanium 
tetrachloride (15 g) and cumene (15 g) was added dropwise 

10 over one hour. After the dropwise addition, stirring was 
continued as it is for 3 hours. After the completion of 
the reaction, the reaction solution was treated in the 
same manner as in Example 1 and excess cumene (31.8 g) 
was recovered to obtain 28.52 g of a fraction having a 

15 boiling point of 150°C/2 mmHg. GC analysis revealed that 
the fraction contains 80.3% of the objective 3-(p- 
isopropylphenyl) -1-propenyl acetate (2). Selectivity 
from acrolein and titanium tetrachloride was 52.4%. 

The objective compound was purified by rectification 
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10 



and the structure was confirmed by the results of IR, 
NMR, elemental analysis. 
Boiling point: 99°C/0.5 mmHg 
n D 20 : 1.5100 
I.R. : 



0 



NMR: 



1757 cm" 1 (CH3C-O-) 
1672 cm" 1 ( ) 
1.21 ppm (d, 6H), 2.03 (S, 3H) , 
2.83 (m, 1H), 3.26 (d, 2H, J = 8 ppm), 
5.45 (d-t, 1H), 
7.02 (S, 4H), 7.20 (m, 1H) 



Elemental analysis, Molecular weight C (%) H (%) 



Calcd for Ci 4 Hi 8 02 
Found 



77.03 8,31 
76.79 8.24 



Molecular 
weight 
218.3 
220 



15 



Examples 18 to 20 

In the same manner as in Example 17, each of t- 
butylbenzene, ethylbenzene and toluene was used in place 
of cumene. The results are as shown in Table 4. 
Table 4 



Examples 






=CHOAc 






Product 


Selectivity* 
(%) 


Example 18 




-t^3~ CHl CH=CHOAc 


34.8 


Example 19 




CH-CHOAc 


33.6 


Example 20 


•O 


-^^CHi CH=CHOAc 


23.3 



tetrachloride) 



20 Example 21 
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t-butylbenzene (50 g) , acetyl chloride (17 g) and 
crotonealdehyde (14 g) were charged in a 500 cc three- 
necked flask and maintained at -20 to -30°C, and then 
titanium tetrachloride (38 g) and t-butylbenzene (50 g) 
were added dropwise over 2 hours. After the dropwise 
addition, stirring was continued as it is for 2 hours. 
After the completion of the reaction, the reaction 
solution was treated in the same manner as in Example 1 
and excess t-butylbenzene (73.5 g) was recovered to 
obtain 33.15 g of a fraction having a boiling point of 95 
to 125°C/0.5 mmHg. The product was analyzed by GC 
(column: silicon-OV-17, Gas Chrom Q) . As a result, the 
product was a mixture of a compound-A J37.1%), a 
compound-B (16.1%) and a compound-C (41.1%). The mixture 
was isolated by a rectifier, Model Nester-Franst-NFA-200 
and was found to have the following structure as a result 
of IR, NMR, MS, elemental analysis and molecular weight. 
Compound-A: Structural formula: 

CH, 



Boiling point: 83°C/0.S mmHg 
n D 20 : 1 . 5215 

I-R-: no absorption of carbonyl 

NMR: 1-29 ppm (S, 9H), 1,35 (d, 3H) , 

3,34 (m, IH), 5.92 (d-d, IH, J= 1.21 



ppm) , 
HRMS: 



7.14 (d, d, 4H), 

M + 222 <CnHi 9 Cl), 207 (M-CH 3 ) , 187 (M-Cl) , 
165 (M-C4H9), 161 (M-C 2 H 2 C1), 
133 (C 4 H 9 -C 6 H 4 ) + , 77 (C 6 H 5 + ) 



Elemental analysis, Molecular Molecular 

werght <*> « <*> < % > wei ght 

Calcd for Ci 4 H 19 Cl 75.48 8.60 15.92 222.75 

Found 75.06 8.82 15.83 224 
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Compound- B: 



Structural formula: 



CHj 

CH-CH-CHOAe 



Boiling point: 106°C/0.8 mmHg 
V 0 : 1.5059 n 

I.R. : 



NMR: 



1760 cm -1 (CH3C-O-) 

1672 cm" 1 ( H >< H ) 

1.29 ppm (S, 9H), 1.32 (d, 3H) , 

2.08 (S, 3H), 3.42 (m, 1H) , _ 

4.94 (d, d, 1H, J = 8.1 cps, H " 

7.14 (d, d, 4H), 7.03 (d, 1H) H 



-H 



Elemental analysis, Molecular weight c (%) h (%) 

Calcd for C 15 H 22 0 2 
Found 

Compound-C: 



78.01 
77.96 



9.00 
9.01 



Molecular 
weight 
246.4 
247 



Structural formula: 

( tr (1 n O 

Boiling point: 114°C/0.8 mmHg 

no 20 : 1.5 0 9 3 

r «R« : • 1760 cm" 1 , 1675 cm" 1 

NMR: 1-29 PPm (S, 9H), 1.36 <d, 3H) , 

3.42 (m, 1H), 2.04 (S, 3H) , 
5.51 (d-d, J = 12.15 cps, 1H 
7.51 <m, 4H, 1H), 



Elemental analysis, Molecular weight C 



Calcd for Ci 6 H 22 0 2 
Found 



78.01 
77.67 



H (%) 

9.00 
8.92 



Molecular 
weight 
246.4 
245 



As a result, selectivities of the compound a and the 
compounds B and C from crotonealdehyde and titanium 
tetrachloride were respectively 27,9% and 38.5%. 



Examples 22 to 24 
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In the same manner as in Example 21, cumene, 
ethylbenzene and anisol were used in place of t- 
butylbenzene. The results are as follows. 
Table 5 



Examples 


o 

z 


CH 3 

j£^-CHCH=CH X 

Z 


Product 


Selectivity 
(%) * 


Example 23 


>o 


CH, 

>-^yCHCH=CHCI 
CH, 

. >-^^CHCH-=CHOAc 


27.9 
42.7 


Example 24 




CH, 

r ^yCHCH=CHC> 
CH, 

/-^^CHCH^CHOAc 


51.9 
24 .5 


Example 25 


ch,chQ 


CHj 

CH, O-^yCHCH =CH C 1 

" CH, 
CH, 0 ~£^-CHCH =CHOAc 


40.3 



* (selectivity is mol% from crotonealdehyde and titanium 
tetrachloride) 

Structures of compounds were confirmed in the same manner 
as in Example 21, 
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